Zhihengliuella flava sp. nov., an actinobacterium isolated from sea sediment, and emended description of the genus Zhihengliuella A novel Gram-staining-positive actinobacterium, designated H85-3 T , was isolated from a sea sediment sample and its taxonomic position was investigated by a polyphasic approach. Phylogenetic analysis based on 16S rRNA gene sequence comparisons revealed that strain H85-3 T was closely related to the members of the genus Zhihengliuella with pairwise sequence similarities of 97.4-98.6 %. The peptidoglycan of strain H85-3 T was found to be of the A4a type with lysine as the diagnostic diamino acid. The menaquinones were MK-9, and the major cellular fatty acids were anteiso-C 15 : 0 , iso-C 15 : 0 and anteiso-C 17 : 0 . These data supported the affiliation of strain H85-3 T to the genus Zhihengliuella. Meanwhile, the results of DNA-DNA hybridization, along with the differences in some phenotypic characteristics, indicated that strain H85-3 T should be distinguished from the recognized species of the genus Zhihengliuella. Therefore, strain H85-3 T represents a novel species of the genus Zhihengliuella, for which the name Zhihengliuella flava sp. nov. is proposed; the type strain is H85-3 T (5NBRC
The genus Zhihengliuella was proposed by Zhang et al. (2007) for a single species, Zhihengliuella halotolerans, isolated from a saline soil sample. At the time of writing, the genus consists of four species: Z. halotolerans, Zhihengliuella alba (Tang et al., 2009) , Zhihengliuella salsuginis (Chen et al., 2010) and Zhihengliuella aestuarii (Baik et al., 2011) . The members of the genus have a cellwall peptidoglycan of the A4a type. The predominant menaquinones are MK-9 and MK-10, and the major fatty acid is anteiso-C 15 : 0 . During the course of a study of bacterial diversity in marine environments, a novel actinobacterium was isolated from a sea sediment sample collected in Japan. Comparative 16S rRNA gene sequence analysis revealed that the isolate, which was designated strain H85-3 T , was phylogenetically related to members of the genus Zhihengliuella. In the present study, the taxonomic position of this strain was determined by using a polyphasic approach.
A sea sediment sample was collected from Tomiura Beach on the coast of Tokyo Bay, Chiba, Japan. Approximately 1 g of the sample was diluted 10-, 100-and 1000-fold with saline before 0.2 ml of each dilution was spread on plates of 1/5 NBRC medium 802 (0.2 % polypeptone, 0.04 % yeast extract, 0.02 % MgSO 4 . 7H 2 O and 1.5 % agar; pH 7.0) supplemented with 5.0 % NaCl, 0.005 % cycloheximide and 0.002 % nalidixic acid. After cultivation at 30 u C for 1 week and repeated isolation, strain H85-3 T was obtained. As the strain did not require NaCl for growth, NBRC medium 802 (1.0 % polypeptone, 0.2 % yeast extract, 0.1 % MgSO 4 . 7H 2 O and, if required, 1.5 % agar; pH 7.0) was used as the basal medium for this study. Z. halotolerans NBRC 107838 T , Z. alba NBRC 109061 T , Z. salsuginis NBRC 109062 T and Z. aestuarii NBRC 109060 T were used as reference strains in this study.
Colony appearance was examined after cultivation at 28 u C for 2 days. The morphology of cells cultured for up to 5 days was observed under a light microscope (BX-51; Olympus) and a scanning electron microscope (JSM-6060; JEOL). The temperature range and optimum temperature for growth were determined using the method described by Hamada et al. (2012a) . The pH range and NaCl tolerance for growth were determined by measuring the turbidity (610 nm) of 5 ml of the culture medium in test tubes after 1-4 days of cultivation at 28 u C. The pH range and optimum pH for growth were established by using liquid NBRC medium 802 adjusted to pH 4-12 in 1.0 pH unit intervals. Tolerance to NaCl was tested using liquid NBRC medium 802 adjusted to NaCl concentrations of 1, 3, 5, 7, 10, 15 and 20 % (w/v) . Cell motility, anaerobic growth, Gram staining and oxidase and catalase activities were determined using the methods outlined by Hamada et al. (2012b) . Other physiological and biochemical tests were performed using API ZYM, API Coryne and API 50CH systems (bioMérieux) according to the manufacturer's instructions.
Strain H85-3 T formed smooth, circular and pale yellow colonies with diameters of 1.0-2.0 mm after cultivation at 28 u C for 2 days. The cells were Gram-staining-positive, facultatively anaerobic, non-motile, non-endospore-forming and rod-shaped (0.4-0.561.0-2.0 mm) (Fig. 1) . Coccoid cells were also observed in older cultures; however, a distinct rod-coccus life cycle was not observed. The strain was catalase-positive and oxidase-negative. Growth occurred at 10-37 u C (optimum 25 u C) and pH 6.0-11.0 (optimum pH 7.0-8.0). The strain exhibited good growth with NaCl concentrations of 0-10 % (w/v), whereas no growth was observed with 15 or 20 % NaCl (w/v). The results of other physiological and biochemical analyses have been summarized in the species description below.
Isolation of genomic DNA and sequencing of the 16S rRNA gene of strain H85-3 T were performed as described previously (Hamada et al., 2012b) . The phylogenetic neighbours were identified and pairwise 16S rRNA gene sequence similarities were calculated, using the EzTaxon-e server (Kim et al., 2012) . The CLUSTAL X program (Thompson et al., 1997) was used to align the almostcomplete 16S rRNA gene sequence of strain H85-3 T (1478 nt) with the corresponding sequences of the species of the genus Zhihengliuella and some related taxa. Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1980) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) algorithms by using the MEGA 5.0 program (Tamura et al., 2011) . The resultant tree topologies were evaluated by bootstrap analysis (Felsenstein, 1985) based on 1000 replicates.
Phylogenetic analysis based on the 16S rRNA gene sequences revealed that strain H85-3 T formed a monophyletic cluster with the members of the genus Zhihengliuella (Fig. 2) . The highest similarity was observed with Z. salsuginis NBRC 109062 T (98.7 % sequence similarity), followed by Z. alba NBRC 109061
T ( Biomass for chemotaxonomic studies, except for fatty acid analysis, was obtained by cultivating the strain in shake flasks at 28 u C and 100 r.p.m. for 48 h. Amino acids and the isomers in cell-wall hydrolysates and isoprenoid quinones were determined according to the methods described by Hamada et al. (2012b) . Cell-wall and wholecell sugars were analysed as 1-phenyl-3-methyl-5-pyrazolone (PMP) derivatives of the cell-wall and the whole-cell hydrolysates (0.5 M H 2 SO 4 , 3 h at 100 u C), which were prepared according to the methods described by Honda et al. (1989) and Yang et al. (2005) . The PMP-labelled hydrolysates were analysed using an LC-MS (LCMS-2020 and LC-20AB; Shimadzu). Polar lipids were extracted from 100 mg dry cells, purified using the method described by Minnikin et al. (1975) and analysed by TLC using chloroform/methanol/water (65 : 25 : 4, by vol.) in the first direction and chloroform/acetic acid/methanol/water (80 : 18 : 12 : 5, by vol.) in the second. For fatty acid methyl ester analysis, strain H85-3 T and the reference strains were cultured on tryptic soy agar (Difco) for 24 h at 28 u C. Cellular fatty acid methyl esters were analysed by GC (6890N; Agilent Technologies) according to the standard protocol of the Sherlock Microbial Identification System (Sasser, 1990) with Sherlock MIDI software (version 4.0) and a TSBA database (version 4.0). The DNA G+C content was determined by the method of Tamaoka & Komagata (1984) using a HPLC (model LC-10A; Shimadzu).
The peptidoglycan sample of strain H85-3 T obtained contained alanine (Ala), glutamic acid (Glu) and lysine (Lys) in a molar ratio of 3.4 : 2.0 : 1.0. Enantiomeric analysis of the peptidoglycan amino acids revealed the presence of D-and L-Ala (approx. 1 : 2), D-and L-Glu and L-Lys. These data suggested that the peptidoglycan type of strain H85-3 T was A4a, with an interpeptide bridge comprising L-Ala-LGlu, A11.35 (Schleifer & Kandler, 1972; Schumann, 2011) . Major amounts of galactose, glucose and mannose, and minor amounts of ribose and rhamnose were detected as whole-cell sugars of strain H85-3 T ; a trace amount of galactose was detected as a cell-wall sugar. Tyverose, which was reported as a characteristic cell-wall sugar of species of the genus Zhihengliuella (Zhang et al., 2007; Tang et al., 2009; Chen et al., 2010; Baik et al., 2011) , was not detected from either the whole-cell or the cell-wall hydrolysates of strain H85-3
T and the other strains of the genus 15 KV X7, 000 2 µm 0910 17 25 SEI Zhihengliuella in this study (Table 1 ). The menaquinones of strain H85-3 T were MK-9 (56 %), MK-10 (30 %) and MK-8 (14 %) and the major cellular fatty acids were anteiso-C 15 : 0 (56.5 %), iso-C 15 : 0 (17.0 %) and anteiso-C 17 : 0 (15.4 %) (Table S1 , available in IJSEM Online). The major polar lipids were phosphatidylglycerol, diphosphatidylglycerol and an unidentified glycolipid, along with trace amounts of phosphatidylinositol and an unidentified polar lipid (Fig. S1 ). The DNA G+C content was 70.3 mol%.
The microplate hybridization method developed by Ezaki et al. (1989) was used to examine DNA-DNA relatedness. DNA-DNA hybridizations were performed using five replications. After the highest and lowest values for each sample were excluded, the mean was reported as the DNA-DNA relatedness value. The DNA-DNA relatedness values between strain H85-3 T and the type strains of the genus Zhihengliuella, namely, Z. salsuginis NBRC 109062 T , Z. alba NBRC 109061 T , Z. halotolerans NBRC 107838 T and Z. aestuarii NBRC 109060 T , were 20.8 % (reciprocal reaction, 18.2 %), 14.3 % (13.9 %), 15.1 % (13.1 %) and 5.7 % (4.5 %), respectively. These values are well below the 70 % cut-off point of DNA relatedness, which is a criterion for the assignment of bacterial strains to the same genomic species (Wayne et al., 1987) .
The results of the phylogenetic analysis based on the 16S rRNA gene sequences suggested that strain H85-3 T belonged to the genus Zhihengliuella, and its chemotaxonomic features also corresponded with those of the genus Zhihengliuella. Therefore, it is appropriate to regard strain H85-3 T as a member of the genus Zhihengliuella. Meanwhile, the DNA-DNA relatedness values between strain H85-3 T and the type strains of the genus Zhihengliuella were low, and strain H85-3 T also differed from the reference strains in some phenotypic characteristics (Table 1) . For these reasons, it is proposed that strain
Zhihengliuella halotolerans NBRC 107838 T (AB778261)

Zhihengliuella salsuginis NBRC 109062 T (AB778264)
Zhihengliuella alba NBRC 109061 T (AB778263)
Zhihengliuella flava H85-3 T (AB778260)
Zhihengliuella aestuarii NBRC 109060 T (AB778262)
Micrococcus lactis DW152 T (FN673681)
Arthrobacter niigatensis LC4 T (AB248526)
Arthrobacter defluvii 4C1-a T (AM409361)
Arthrobacter phenanthrenivorans Sphe3 T (CP002379)
Arthrobacter sulfonivorans ALL T (AF235091)
Arthrobacter globiformis NBRC 12137 T (BAEG01000072)
Arthrobacter pascens DSM 20545 T (X80740)
Arthrobacter oryzae KV-651 T (AB279889) H85-3 T be classified as a representative of a novel species of the genus Zhihengliuella, with the name Zhihengliuella flava sp. nov. In addition, the description of the genus Zhihengliuella Zhang et al. 2007 emend. Tang et al. 2009 should be emended to reflect the variations in cell-wall sugar and cellular fatty acid profiles and DNA G+C contents.
Arthrobacter woluwensis 1551 T (X93353)
Arthrobacter antarcticus SPC26 T (AF235091)
Micrococcus luteus NCTC 2665 T (CP001628)
Micrococcus yunnanensis YIM 65004 T (FJ214355)
Micrococcus antarcticus T2 T (AJ005932)
Micrococcus lylae DSM 20315 T (X80750)
Micrococcus terreus V3M1 T (FJ423763)
Citricoccus zhacaiensis FS24 T (EU305672)
The results of phylogenetic analysis also revealed that Micrococcus lactis is closely related to Z. aestuarii, but these species may not be the typical members of the genus Zhihengliuella (Fig. 2) . Thus, further studies are required to elucidate the taxonomic positions of M. lactis and Z. aestuarii. The description is as given by Zhang et al. (2007) and Tang et al. (2009) with the following modifications. Tyvelose is present or absent as a cell-wall sugar. The major cellular fatty acid is anteiso-C 15 : 0 . iso-C 15 : 0 and/or anteiso-C 17 : 0 Description of Zhihengliuella flava sp. nov.
Emended description of the genus
Zhihengliuella flava (fla9va. L. fem. adj. flava yellow).
Cells are Gram-staining-positive, facultatively anaerobic, non-motile, non-endospore-forming and rod-shaped (0.4-0.561.0-2.0 mm). Cells in older cultures tend to be shorter and coccoid cells may be present; however, no distinct rodcoccus life cycle is observed. Colonies are circular, smooth and pale yellow. Catalase-positive and oxidase-negative. The temperature range for growth is 10-37 u C and the optimal temperature is 25 u C. The pH range for growth is 6.0-11.0 and the optimal pH is 7.0-8. The type strain, H85-3 T (5NBRC 109021 T 5DSM 26152 T ), was isolated from a sea sediment sample collected from Tomiura Beach on the coast of Tokyo Bay, Chiba, Japan. The DNA G+C content of the type strain is 70.3 mol%.
